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(84) Abstract Trtle: Coliapslblv expansion cone asaembSy 

(57) A collapsible expansion cone assembly comprises 
an upper cam assembly 38, a lower cam assembly 
40, and arrays of upper and lower expansion cone 
segments 44, 46. Each cam assembly includes a 
tubular base 38a, 40a and extending arms 38c, 40c 
defining Inclined surfaces (38cbb« Fig 4a), (40cbb, 
Fig 3b). The upper expansion cone segments are 
interleaved with the upper cam anns, as are the 
lower cone segments with the lower cam arms. As 
the cam assemblies are moved together, the cones 
expand. The upper and lower expansion cones may 
overlap. The cone segments may be phrotalty 
supported by upper and lower tubular support 
members 42, 48. 
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COLLAPSIBLE EXPANSION CONE 

Cross Reference To Related Applications 
The present application claims the benefit of the filing dates of: (1) U.S. provisional 
patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001. (2) U.S. provisional patent application serial no. 60/339.013. attorn^ 
docket no. 88. filed on 11/12/01 (3) U.S. provisional patent application serial no. 
60/363.829. attorney docket no. 25791.95. filed on 3/13/2002, and (4) U.S. pro>rtsional 
patent application serial no. 60/387.961, attorney docket no. 25791.108. filed on 
6/12/2002, the disclosures of which are incorporated herein t)y reference. 

The present applicatkm is r^ted to the foitowing: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791,03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent applicatkm serial no. 09/502,350, attorney docket no. 25791.8^02. filed 
on 2/10/2000, (4) U.S. patent no. 6.328.113. (5) U.S. patent application serial no. 
09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent 
appfication serial no. 09/512,895, attorney docket no. 25791.12.02. filed on 2/24/2000. 
(7) U.S. patent appilcatton serial no. 09/511.941, attorney docket no. 25791.16.02. filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. attorney docket no. 
25791.17.02, filed on 6/7C000, (9) U.S. patent application serial no. 09^9,122, 
attorney docket no. 25791.23.02, filed on 4/26/20(K), (10) POT patent application serial 
no. PCT/USOQ/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent appDcatfon serial no. 60/162,671, atb^ey docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provistonal patent applk^tlon serial no. 60/154.047, attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent applteafion serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provistonal patent applicatton serial no. 60/159,039, attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.S. proviskmai patent application serial no. 60/159,033. attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional 
patent appUcation serial no. 60/165,228, attorney docket no. 25791.39. filed on 
11/12/1999. (18) U.S. provisional patent application serial no. 60/221,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisiMial patent appfication serial 
no. 60«?21.645. attorney dodcet no. 25791.46. filed on 7/28/2000. (20) U.S. provi^onal 
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patent application serial no. 60/233.638, attorney docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provtsicnal patent appiicafion serial no. 60/237.334. attorney 
docket no. 25791.48. filed on 10/2/2000, (22) U.S. provisfonal patent application serial 
no. 60/270,007, atton^ey docket no. 25791.50. filed on 2/20/2001. (23) U.S. provisional 
patent application serial no. 60/262.434. attorney docket no. 25791.51. filed on 
1/17/2001. (24) U.S. provisional patent applicatkin serial no. 60/259,486. attoniey 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisbnal patent application serial 
no. 60/303.740. attorney docket no. 25791.61. filed on 7/6/2001. (26) U.S. provisional 
patent application serial no. 60/313.453. attorney docket no. 25791.59. filed on 
8/20/2001. (27) U.S. provismnal patent appUcatlon serial no. 60/317.985, attorney 
docket rK). 25791.67. filed on 9/6/2001. (28) U.S. provlstonal patent applicaton serial 
no. 60/318,021. attorney docket no. 25791.58, filed on 9/7/2001. (29) U.S. provisional 
patent application serial no. 60/3318.386, attorney docket no. 25791.67.02. filed on 
9/10/2001. (30) U.S. proviskmal patent applicatkm serial no. 60/326.886. attorney 
docket no. 25791.60. filed on 10/3/2001. (31) U.S. utility patent appiicatton serial no. 
09/969.922. attorney docket no. 25791.69. filed on 10/3/2001. (32) U.S. provisional 
patent applicatton serial no. 60/338,996, attorney docket no. 25791.87. filed on 
11/12/2001, (33) U.S. provisional patent application serial no. 60/339.013. attorney 
dodcet no. 25791.88. filed on 11/12/2001. (34) U.S. utflity patent application serial no. 
10/016,467, attorney docket no. 25791.70, filed on 12/10/2001. (35) U.S. provistonal 
patent applicatxin serial no. 60/343,674, attorney docket no. 25791.68, filed on 
12/27/2001. (36) U.S. provisional patent application serial no. 60/346.309. attorney 
docket no 25791.92. filed on 1/7/2002, (37) U.S. provlstonal patent application serial 
no. 60/357.372. attorney docket no. 25791.71, filed on 2/15^2. (38) U.S. provistonal 
paterd application serial no. 60/363.829. attorney docket no. 25791.95. filed on 
3/13/2002. (39) U.S. provistonal patent appltoatton serial no. 60/372,048. attorney 
docket no. 25791.93. filed on 4/12/2002. (40) U.S. provisional patent arq>ltoatton serial 
no. 60/372.632. attorney docket no. 25791.101. filed on 4/15/2002. (41) U.S. 
provistonal patent application serial no. 60/380,147, attorney docket no. 25791.104, 
filed on 5/6/2002. (42) U.S. provistonal patent appiicafion serial no. 60/383.917. 
attorney dod(et no. 25791.89, filed on 5^9/2002, (43) U.S. provisional patent 
appDcatton serial no. 60/387,486. attorney docket no. 25791.107, filed on 6/10/2002, 
(44) U.S. piovteional patent appBcafion serial no. 60/387.961. attorney docket no. 
25791.108. filed on 6/12/2002. (45) U.S. provisional patent af^licatton serial no. 
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60/391.703, attorney docket no. 25791.90. filed on 6/26/2002. (46) U.S. provisional 
patent application serial no. 60/397,284. attorney docket no. 25791.106, filed on 
7/19/2002. (47) U.S. provi^nal patent application serial no. 60/398,061, attorney 
docl^etno. 25791.1 10, filed on 7/24/2002. (48) U.S. provisional patent application serial 

5 no. 60/399.240, attorney docket no. 25791.111. filed on 7/29/2002. (49) U.S. 
provbional patent appncation serial no, 60/405.610, attorney docket no. 25791.119. 
filed on 8«3/2002, (50) U.S. provtstonal patent applicatkm serial no. 60/405.394. 
attorney docket no. 25791.120, filed on 8/23ffi002. (51) U.S. provisional patent 
application serial no. 60/407.442. attorney docket no. 25791.125, filed on 8/30«002, 

10 (52) U.S. provisional patent application serial no. 60/412.542, attorney docket no. 
25791.102. filed on 9/20/2002, (53) U.S. provisional patent application serial no. 
60/412.177. attorney docket no. 25791.117, filed on 9/20G002. (54) U.S. provisional 
patent applicatkxi serial no. 60/412.653, attorney docket no. 25791.118. filed on 
9/20/2002. (55) U.S. provisional patent applkatfon serial no. 60/412.544, attorney 

15 docket no. 25791.121. filed on 9/20/2002. (56) U.S. provisional patent applicatton serial 
no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S. 
proviskMial patent application serial no. 60/412.187, atbmey docket no. 25791.127. 
filed on 0/20/2002. (58) U.S. provlstonal patent appUcation serid no, 60/412,487, 
attorney docket no. 25791.112, filed on 9/20/2002, (59) U.S. pn>vi$k>nai patent 

20 application serial no. 60/412,488, attorney docket no. 25791.1 14, filed on 9/20/2002, 
and (60) U.S. provistonal patent applteation serial no. 60/412,371. attorney docket no. 
25791.129. filed on 9/20/2002, , (61) PCT Patent Application No. PCT/US0 2 
attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent Applicatton 
No. PCT/US02 , attorney docket no. 25791.88.02. filed on 11/11/02. the 

25 disclosures of which are incorporated herein by reference. 

Background Of The Inventton 

This invention relates generally to oil and gas exptoratton. and in particular to forming 
30 and r^lring wellbore casings to facilitate oil and gas e)9loratk)n. 

During oi1 exptoralion, a welltiore typically traverses a number of zones wrtttiln a 
subterranean formatton. Wetlbore casings are then fonned in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 
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by threaded connections. Existing methods for radially expanding and plastically 
defonning tubular memt}ers coupled to one another by threaded connections are not 
ahArays reliable or produce satisfactory results. In particular, the threaded oonnections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming orve or more of the nmitations of the 
existing processes for radially expanding and plastically defdmmg tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus fcx- radially expanding 
and plastically defonning an expandable tubular nrtember is provided tiiat includes an 
upper tutxjiar support nnember defining a first passage, one or mom cup seals coupled 
to the exterior surface of the upper tubular support memb^ for sealing an interface 
between the upper tubular support member and the e}q?andable tubular member, an 
upper cam assenrU>ly coupled to the upper tubular support member comprising: a 
tubular base coupled to tiie upper tubular support member, and a plurality of cam anms 
extending from the tubular t>ase in a downward longitudinal direction, each cam arm 
defintr^ an inclined surface^ a plurality of upper expar^sion cone segments interleaved 
with VhB cam arms of ttie upper cam assembly and pivotaOy coupled to the tubular 
support member, a lower tubular support memt>er defining a second passage fluididy 
coupled to the first passage releasably coupled to the upper tubular support member, 
and a lower cam assembly coupled to the lower tubular support member comprising: a 
tubular base coupled to the lower tubular support member, and a plurality of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam ami 
defining an IncHned surface that mates wtth the Inclined sur^Kie of a con^sponding one 
of tiie upper expansion cone segments, wherein the cams amns of the upper cam 
assembly are interleaved with and overiap the cam anms of the lower cam assembly, a 
plurality of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each tower expansion cone segment pivotally coupled to the lower tubular 
support rrtember and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expar)sion cone segments, and wherein the upper 
and lower expansion cone segments togetiier define an arcuate spherical extemal 
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surface for plasticatly deforming and radially expanding the expandable tubular 
member. 

According to another aspect of the present inventton, a collapsible ecpansion cone 

5 assembly is provided that includes an upper tubular support member comprising an 
htemal flange, an upper cam assembly coupled to the upper tubular support member 
comprising: a tubular base coupled to the upper support memb©-, and a plurality of 
cam amis extending from the tubular base In a downward longitudinal direction, each 
cam arm defining an indmed surfece, a plurality of upper expansion cone segments 

10 Interieaved with the cam arms of the upper cam assembly and pivotally coupled to the 
Internal flange of the upper tubular support menrd>er. a lower tubular support member 
comprising an internal flange, one or more frangible couplings for releasably coupling 
the upper and tower tubular support members, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 

15 support nriember. and a plurality of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam arm defining an Inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams anns of the upper cam assembly are interieaved with and 
overiap the cam amis of the tower cam assembly, and a plurality of lower expansion 

20 cone segments interieaved with cam arms of the lower cam assembly, each tower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating with the inclined surface of a comssponding one of the 
cam anms of the upper cam assembly, wherein the lower expansion cone segments 
Interteave and overiap the upi^r expansion cone segments, and wherein the upper 

25 and lower expansion cone segments together define an arcuate spherical external 
surface for plastically deforming and radially expanding the expandable tubular 
member. 

According to another aspect of the present invention, an apparatus for radially 
30 expanding and plastically deforming an mpandable tubular member te provWed that 
indudes a tubular support member, a collapsible expansion cone coupled to the tubular 
support member, an expandable tubular member coupled to the collapsible expansion 
cone, means for displadng the collapsible expanston cone relative to the expandable 
tubular member, and means for collapsing the expanston cone. 
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According to another aspect of the present Invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
pluranty of cam amis extending from the tubular base in a downward longitudinal 
direction, each cam am defining an inclined surface, a pluranty of upper expansion 
cone segments interleaved with the cam anms of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a pluraltty of cam aims extending from the 
tubular base In an upward longitudinal direclion. each cam arm defining an inclined 
surface that mates with the incTined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interteaved vrith and overlap the cam amtw of the lower cam assembly, a phirality of 
lower expansion cone segments Interteaved vwth cam amis of the lower cam assembly, 
each lower expansion cone segment mating with the inclined . surface of a 
corresponding one of the cam amns of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the Invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member Is provided that includes a tubular 
support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interteaved with the cam arms of the upper cam assembly, a lower cam assembly 
comprising: a tubular base, and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam ami defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly aiB interieaved with and 
overiap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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segments interleaved with cam arms of the lower cam assemlrfy. each lower expansion 
cone segment mating with the incKned surface of a conesponding one of the cam amis 
of the upper cam assembly, means for moving the upper cam assembly away from the 
lower expansion cone segments, and means for moving the lower cam assembly away 
from the upper expansion cone segments. 

According to another aspect of the Invention, a method of radially expanding and 
plastically defomiing an expandable tubular member is provided that includes 
supporting the expandable tubular member using a tubular support member and a 
collapsible expansion cone, injecting a fluidic material Into the tubular support member 
sensing the operating pressure of the Injected fluidic material within a first Interior 
portion of the tubular support member, displacing the coflapsibie expansion cone 
reiatrve to the expandable tubular member when the sensed operating pressure of the 
injected fluidic material exceeds a predetemUned level within the first interfor portion of 
the tubular support member, sensing the operating pressure of the irijected fluidic 
material within a second interior portion of the tubular support member, and collapsing 
the collapsible expansion cone when the sensed operating pressure of the Injected 
fluidic material exceeds a predetemr,ined level within the second interior portion of the 
tubular support menAer. 



Brief Description of the Drawings 
Rg. la Is a fragmentary cross^ctional Hiustration of the placement of a portion of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
defomting a tubular member that includes a collapsible expansion cone within a 
25 preexteting structure. 

Rg- 1 b Is a fragmentary cross-sectional illustration of another portion of the apparatus 
ofRg.1a. 

30 Rgs. 2a and 2b are fragmentary cross-sedional illustration of a portion of the 
apparatus of F^. la and 1b. 

Rg. 3 is a fragmentary cross-sectional Ulustratlon of a portion of the apparatus of Rgs 
la and lb. 
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Fig. 3a is a fragmentary cross-secUonal illustration of a portion of the apparatus of Fig 
3. 

Fig. 3b is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
3. 

Fig. 4 is a fragmentary cross-sectional illustration of a portion of the apparatus of Rgs. 
la and lb. 

Fig. 4a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
4. 

Fig. 5 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs. 
1a and 1b. 

Rg. 6 is a fragmentary cross-sectional illustration of a portion of the an>aratus of Figs, 
la and 1b. 

Figs. 7a-76 are fre^mentary cross-secQonai and perspective illustrations of the upper 
cam assembly of the apparatus of Ftgs. la and lb. 

Fig. 7f IS a fragmentary cioss-sectiondl illustration of the lower cam assembly of the 
apparatus of Figs, la and lb. 

Figs. 8a-Bd are fira^nentary cross-sectional and perspective illustrations of one of the 
upper cone segments of the apparatus of Figs. 1a and lb. 

Fig. 8e Is a fragmentary cross-sectiortal illustration of one of the lower cone segments 
of the apparatus of Rgs. la and lb. 

Fig. 9 is a side view of a portion of the apparatus of Figs. 1a and lb. 
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Fig. 1 0a is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1a and lb during the radial expansion of the expandat>le tubular member. 

Pig. 10b is a fr^mentary cross sectional illustration of another portion of the apparatus 
5 ofRg.lOa. 

Rg. 11a. Is a fragmentary cross sectional iUustration of a portion of the apparatus of 
Rgs. 10a and 10b during the adjustment of the expansion cone to a collapsed position. 

10 Rg. 11b is a fragmentary cross sectional illustration of another portion of the apparatus 
of Rg. 11a 

Rg. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 
11a and lib. 

15 

Fig. 13 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 
11a and lib. 

FIG. 14 is a fragmentary crc^ sectional illustration of a portion of the apparatus of 
20 Rgs. 1 1 a and 1 1 b with the expansion cone In a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 11a and lib with the expanston cone in a ftiHy collapsed position. 

25 Fig. 16 is a side view of a portion of the apparatus of Figs. 10a and 10b. 

Fig. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1 la and 1 lb after the removal of the apparatus from interior <rf the expandable 
tubular member. 

30 

Fig. 17b Is a fragmentary cross sectional Illustration of another portion of the apparatus 
of Fig. 17a. 
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Detailed Description of the lUustrative Embodiments 
Referring to Figs. la. lb. 2a, 2b, 3, 3a. 4, 4a. 5, 6. 7a. 7b. 7c. 7d. 7e. 7f. 8a, 8b. 8c 8d. 
8e. and 9. an exemplaiy embodiment of an apparatus 10 for radially expanding and 
5 plastically defonning a tubular member includes a tubular support member 12 that 
defines a passage 12a. An end of the tubular support member 12 is coupled to an end 
of a safefy collar 14 that defines a passage 14a, a recess 14b at one end for receiving 
the end of the tubular support member, and recesses 14c and 14d at another end. 

10 A torque plate 16 is received within and is coupled to the recess 14c of the safety collar 
14 that defines a passage 16a and a plurality of meshing teeth 16b at one end. An end 
of an upper mandrel collar 18 is received with and is coupled to the recess 14d of the 
safety collar 14 proximate and end of the torque plate 16 that defines a passage 18a. 
Torque pins 20a and 20b further couple the end of the upper mandrel collar 18 to the 

1 5 end of the safety collar 1 4. 

An end of an upper mandrel 22 is received vOhin and is coupled to the upper mandrel 
collar 18 that defines a passage 22a, a plurality of meshing teeth 22b that mate with 
and transmit torque to and from the meshing teeth 16b of the torque plate 16. and an 
20 external flange 22o at another end. 

An upper packer cup 24 mates with, receives and Is coupled to the upper mandrel 22 
proximate the end of the upper mandrel collar IB. In an exemplary embodiment, the 
upper packer cup 24 is a Guiberson'^ packer cup. An upper spacer sleeve 26 mates 

25 with, receives, and is coupled to the upper mandrel 22 proximate an end of the upper 
packer cup 24. A lower packer cup 28 mates with, receives and is coupled to the 
upper mandrel 22 proximate an end of the upper spacer sleeve 26. In an exemplary 
embodiment, the lower packer cup 28 is a Guiberson^ packer cup. A lower spacer 
sleeve 30 mates with, receives, and is coupled to the upper mandrel 22 proximate an 

30 end of the lower packer cup 28 and the external flange 22c of the upper mandrel. A 
retaining sleeve 32 mates with, receives, and is coupled to an end of ttie tower spacer 
sleeve proximate the external flange 22c of the upper mandrel 22. 
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An end of a lower mandre! 34 defines a recess 34a that mates wHh. receives, and is 

coupled to the external flange 22c of the upper mandrel 22. a reoess 34b that mates 

wHh. recedes, and is coupled to the end of the upper mandrel, a passage 34c and an 

external flange 34d Including drcumferentially spaced apart meshing teeth 34da on an 

end face of the external flange. Torque pins 36a and 36b further couple the recess 

34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 

22. During operation, the torque pins 36a and 36b transmit torque loads between the 

i«oess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
drcumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base m the longitudinal arid radial diredions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
drcumferentially spaced apart cam amre 38c that extend from the other end of the 
tubular base In the opposite longitudinal diredion and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam arms 38c indude an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical Inner and outer 
surfaces, 38caa and 38cab. a tapered Intemiediate portion 38d) extending from the 
Inner portion that has an arcuate cylindrical Inner surface 38d>a and an arcuate conical 
outer surface 38cbb. and an outer portion 38cc extending from the intermediate portion 
25 that has arcuate cylindrical Inner and outer surfaces. 38cca and 38ccb. In an 
exemplary embodiment, the radius of cunratures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
Inner cylindrical surfaces. 38caa, 38cba. and 38cca are equal. 



A lower cam assembly 40 indudes a tubular base 40a for receiving and mating wHh the 
lower mandrel 34 that indudes an external flange 40aa. a plurality of drcumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of drcumferentiaily spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direction and mate with and receive the lower mandrel. Each of the cam amw 40c 
include an Inner portion 40ca extending from the tubular base 40a that has arcuate 
cylindrical Inner and outer surfaces. 40caa and 40cab, a tapered intennediate portion 

5 40cb extending from the Inner portion 40ca that has an arcuate cyDndrical inner surface 
40cba and an arcuate oonicai outer surface 40cbb. and an outer portion 40cc 
extending from the intermediate portion that has arcuate cylindrical inner and outer 
surfaces, 40oca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the areuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 

10 the arcuate outer cyOndrical surfaces 40ccb. In an exemplary embodiment, the radius 
of curvatures of the arcuate Inner cylindrical surfaces. 40caa. 40cba. and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies. 38 and 40. 
are substantially identical. In an exemplary embodiment, the cam arras 38c of the 
upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40. 

15 Furlhemiore. in an exemplary embodiment, the cam amis 38c of the upper cam 
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the 
longltudinal direction thereby permitting torque loads lo be transmitted between the 
upper and lower cam assemblies. 

20 An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer circumferential surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b, 
and Includes an internal flange 42c for retaining the external flange 38aa of the upper 

25 cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded interior end foce. An o-ring seal 44 Is received virtthin the annular 
recess 42b for seaUng the interlace between the upper retaining sleeve 42 and the 
external flange 34d of the lower mandrel 34. A disc shaped shim 43 Is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 

30 flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 



A plurality of upper expansion cone segments 44 are Interleaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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include inner portions 44a having arcuate cylindrical inner surfaces. 44aaa and 44aab. 
and an arcuate cylindrical outer surface 44ab, intermediate portions 44b extending 
from the interior portions that have an arcuate conical inner surface 44ba and arcuate 
cylindrical and spherical outer surfaces, 44bba and 44bbb, and outer portions 44c 
having arcuate cylindrical inner and outer surfaces, 44ca and 44cb. In an exemplary 
embodiment, the outer surfaces 44ab of the inner portions 44a of the upper expansion 
cone segments define hinge grooves 44aba that receive and are pivcdally mounted 
upon the tntamal flange 42d of the upper retaining sleeve 42* 

The arcuate inner cylindrical surfaces 44daa mate with and receive the tower mandrel 
34, the arcuate Inner (^indrical surfaces 44aab mate with and receive the arcuate 
cylindrical outer surfaces 40ccb of the outer portions 40cc of the corresponding cam 
arms 40c of the lower cam assenf*ly 40, and the arcuate inner conical surfaces 44ba 
mate with and receive the arcuate conical outer surfaces 40d)b of the Intermediate 
portions 40cb of the corresponding cam arms of the lower cam assembly. 

in an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner 
surface 44aaa is less than the radius of cunfature of the arcuate cylindrical Inner 
surface 44a3u. In an exempiary embocSment, the radius of curvature of the arcuate 
cylindrioed Inner suriaoe 44ca is greater thian the radius of curvature of the arcuate 
cylindrical surface 44aab. In an exemplary embodiment, the arcuate cylindrical inner 
surfaces, 44aaa and 44aab, are paralid. In an exemplary embodiment, the arcuate 
cylindrical outer surfece 44ab is inclined relative to the arcuate cylindrical Inner surface 
44aaa. In an exemplary embodiment, the arcuate cylindrical outer surface AAtibB Is 
parallei to the arcuate cylindrical inner surfaces, 44aaa and 44aab. In an exemplary 
embodiment the arcuate cylindrical outer surface 4Adb is inclined relative to the 
arcuate c^indrical inner surface 44ca. 

A pliffallty of lower expansion cone segments 46 are interieaved among, and overiap, 
the upper expansion cone segments 44 and the cam arms 38c of the lower cam 
assembly 38. In this manner, torque loads may be transmitted between the upper and 
lower expansion cone segments, 44 and 46. Each of the lower expansion cone 
segments 46 include Inner portions 46a having arcuate cylindrical inr^r surfaces, 
46aaa and 46aab, and an arcuate cylindrical outer surface 46ab, Intemnediate portions 
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46b extending from the Interior portions that have an arcuate conical inner surface 
46ba and arcuate cylindrical and spherical outer surfaces, 46bba and 46bbb, and outer 
portions 46c having arcuate cylindrical Inner and outer surfaces, 46ca and 46cb. In an 
exemplary embodiment, the outer surfeoes 46ab of tfie Inner portions 46a of the upper 
5 expansion cone segments 46 define hinge grooves 46aba. 

The arcuate Inner cq^lndrical surbces 46aaa mate with and receive the lower mandrel 
34. the arcuate inner cylindrical surfaces 46aab mate with and receive the arcuate 
cyfindrical outer surfaces 38ccb of the outer portions 38cc of the corresponding cam 
10 arms 38c of the upper cam assembly 38, and the arcuate inner conical surfaces 46ba 
mate with and receh/e the arcuate conical outer surteoes 38cbb of the intermecfiate 
portions 38cb of the conesponding cam arms of the lower cam assembly. 

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner 
15 surface 46dad is less than the radius of curvature of tlie arcuate cylindrical Inner 
surface 46aab. In an exemplary embodiment, the radius of curvature of the arcqate 
cylindrical inner surface 46ca is greater than the radius of curvature of the arcuate 
cylindrical surface 46aab. In an exemplary embodiment, the arcuate c^indrical Inner 
surfaces. 46aaa and 46aab, are parallel, in an exemplary embodiment, the arcuate 
20 cylindrical outer surface 4Bab Inclined relative to the arcuate cylindrical Inner surface 
46aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 46bba is 
parallel to the arcuate cylindrical Inner surfaces. 46aaa and 46aab. In an exemplary 
embodiment, the arcuate cylindrical outer surface 46cb Is inclined relative to the 
arcuate cylindrical inner surface 46ca. 

25 

In an exemplary embodiment, the geometries of the upper and lower expansion cone 
segments 44 and 46 are substentially identical. In an exemplary embodiment, the 
upper expansion cone segments 44 are tapered in the longitudinal direction from the 
ends of the intermediate porfons 44b to the ends of the outer portions 44c, and the 
30 lower expansion cone segmente 46 are tapered in the bngltudinal direction from the 
ends of the intennediate portions 46b to the ends of the outer portions 46c. In an 
exemplary embodiment, when the upper and lower expansion segments, 44 and 46, 
are positioned in a fully expanded position, the arcuate cylindrical outer surfaces. 
44bba and 46cb, of the upper and tower expansion cone segments define a contiguous 




cylindrical surface, the arcuate spherical outer surfaces. 44bbb and 46bbb, of the uRwr 
and lower expansion cone segments define an contiguous arcuate spherical surface, 
and the arcuate cylindrical outer surfoces. 44cb and 46bba, of the upper and lower 
expansion cone segments d^ne a contiguous cylindrical surfoce. 

5 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
with the outer drcumferential surfeoes of the external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40, and an inner annular recess 48b, and 
inclines an Internal flange 48c for retaining the external flange of the lower cam 

10 assennbty, and an bitemal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotaliy coupling the lower expansion 
cone segments to ttie lower retaining sleeve. An o-ring seal 50 is received within the 
annidar recess 48b. A disc shaped shbn 49 is positioned within the lower retaining 

15 sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone s^ments 44 araj the arcuate cylindrical outer surfaces 46cb of the 
20 lower expansion cone segments 46 are aligned with the outer surface of ttie upper 
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 46. 

25 

An end of a float shoe acteptor 50 that nridudes a plurality of circumferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
30 mandrel 34. a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end, and includes an Internal flange 50e, and a 
torsional coupling 50f at the other end that includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to arKj from the meshing teeth 50a of the float shoe adaptor. 
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An erri of a retaining sleeve 52 abuts the end face of the tubular base 40a of the lower 
cam assembly 40 and Is received within and mates vwth the passage 50b of the float 
shoe adaptor 50 that defines a passage 52a for receiving an end of the lower mandrel 
5 34, a throat passage 52b Including a ball valve seat 52c, and includes a flange 52d. 
and another end of the retairdng sleeve, having a reduced outside diameter, is received 
within and mates with the passage 50c of the float shoe adaptor 50. 

A stop nut 54 receives and is threadably coupled to the end of the lower mandrel 34 
1 0 within the passage 52a of the retaining sleeve 52, and shear pins 56 releasably couple 
the stop nut 54 to the retaining sleeve 52. Loddng dogs 58 are positioned within an 
end of the retaining sleeve 52 that receive and are releasably coupled to the lower 
mandrsl 34, and a disc shaped adjustment shim 60 receives the lower mandrel 34 and 
is positioned within an end of the retaining sleeve 52 betwmn the opposing ends of the 
15 tubular base 40a of the upper cam assembly 40 and the locking dogs 58. Burst discs 
62 are releasably coupled to and posWoned within the radial passages 50d of the float 
shoe adaptor 50. 

An end of a float shoe 64 mates with and is releasably coupled to the torsional coupling 
20 members 50fa erf the torsional coupling 50f of the float shoe adaptor 50 that defines a 
passage 64a and a valveabie passage e4b. In this manner torstonal loads may be 
transmitted between the float shoe adaptor 50 and the float shoe 64. An end of an 
expandable tubular member 66 that sumxinds the tubular support member 1 2. the 
safely collar 14, the upper mandrel collar 18, the upper packer cup 24, the tower 
25 packer cup 28, the lower mandrel 34, the upper expansion cone segments 44. the 
tower expansion cone segments 46. and the ftoat shoe adaptor 50, is coupled to and 
receives an end of the float shoe 64 and is movably coupled to and supported by the 
arcaiate spherical external surfaces, 44bbb and 46bbb, of the upper and lower 
expansion cone segments, 44 and 46. 

30 

During operation, as illustrated In Figs, 1a and lb, the apparatus 10 is at least partially 
positioned within a preexisting structure such as, for example, a borehole 100 that 
traverses a subteranean fomiation that may include a preexisting wellbore casing 102. 
The borehole 100 may be oriented in any position, for example, from vertical to 
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horizontal. A fluldic material 104 is then injected into the apparatus 10 through the 
passages 12a. 14a. 22a. 34c. 50c. 64a. and 64b into the annulus between the 
expandable tubular member 66 and the borehole 100. In an exemplaiy embodiment, 
the fluidic material 104 is a hardenable fiuidic sealing material. In this manner, an 
annular sealing layer may be fomied within the annulus between the expandable 
tubular member 66 and the borehole 1 00. 

As nustrated in Figs. 10a and 10b. a ball 106 is then be positioned within and blocking 
the valveable passage 64b of the float shoe 64 by injecting a fluidic material 108 Into 
the apparatus 10 through the passages 12a. 14a. 22a. 34c and 50c. As a result, the 
Increased operating pressure within the passage 50c burets open the burst discs 62 
positioned within the radial passages 50d of the float shoe adaptor 50. The continued 
injection of the fluidic material 108 thereby pressurizes the interior of the expandable 
tubular member 66 below the lower packer cup 28 theret>y displacing the upper and 
lower expanston cone segnwnts. 44 and 46. upwarxlly relative to the float shoe 64 and 
the expandable tubular member 66. As a result, the expandable tubular member 66 is 
plastkally deformed and radially expanded. Thus, the burst discs 62 sense the 
operating pressure of the injected flukfic material 108 within the passage 50c and 
thereby control the Initiation of the radial expansion and plastic defonnaHon of the 
20 expandable tubular mendser 66. 

In an exemplary embodiment, any leakage of the pressurized tiuidk: material 108 past 
the kiwer packer cup 28 Is captured and sealed against further leakage by the upper 
packer cup 24. In this manner, the tower packer cup 28 provMes the primary fluidic 
seal against the Interior surface of the expandable tubular member 66. and the upper 
packer cup 24 provUes a secondary, back-up. fluidic seal against the interior surface of 
the expandable tubular member. Furthermore, because the lower packer cup 28 
and/or the upper packer cup 24 provMe a fluid tight seal against the interior surface of 
the expandable tubular member 66. the upper and lower expansion cone segments. 44 
and 46. are pulled upwardly through the expandable tubular member by the axial 
fiorces created by the packer cups. 

In an exemplary embodiment, during the radial expansion process, the interface 
between the arcuate spherical external surfaces. 44bbb and 46bbb. of the upper and 
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lower expansten cone segments, 44 and 46, and the interior surface of the expandable 
tubular member 66 is not fluid tight As a result, the fluidic material 108 may provide 
lubrication to the enfira extent of the interi^oe between the cylindrical external surfaces, 
44bba and 46cb. and the arcuate spherical external surfaces, 44bbb and 46bbb, of the 

5 upper and lower expansion cone segments, 44 and 46. and the Interior surface of the 
expandable tubular number 66. Moreover, experimental test results have Indicated 
the unexpected result that the required operating pressure of the fluidic material 108 for 
radial expansion of the expandable tubular member 66 is less when the Interface 
between the cylindrical external surfaces, 44bba and 46cb. and the arcuate spherical 

10 external surfaces, 44bbb and 46bbb, of the upper and lower expansion cone segments. 
44 and 46. and the interior surface of the expandable tubular member 66 is not fluid 
tight Furthermore, experimental test results have also demonstrated that the arcuate 
spfierical external surteoe provided by the arcuate spherical external surfaces, 44bbb 
and 46bbb, of the upper and lower expansion cone segments, 44 and 46. provides 

15 radial expansion and plastic deformation of the expandable tubular member 66 using 
lower operating pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as illustrated In Figs. 11a, lib, 12, 13, 14. 15, and 18, 
the upper and lower expansion cone segments, 44 and 46, may then be adjusted to a 

20 collapsed position by placing a bail 110 within the ball valve seat 52c of the throat 
passage S2b of the retaining sleeve 52. The continued injection of the fluidic material 
106, after the placement of the ball 110 within the ball valve seat 52c, creates a 
differential pressure across the ball 1 10 thereby applying a downward longitudinal force 
onto the retaining sleeve 52 thereby shearing the shear pins 56, As a result, the 

25 retaining sleeve 52 is displaced In the downward longitudinal direction relative to the 
float shoe adaptor 50 thereby pemnitting the locking dogs 58 to be displaced outwardly 
in the radial direction. The outward radial displacement of the locking dogs 58 
disengages ttie locking dogs from engagement with the lower mandrel 34. Thus, the 
shear pins 56 sense the operating pressure of the Injected fluidic material 108 within 

30 the throat passage 52b and thereby controiring the initiatton of the collapsing of the 
upper and k>wer expansion cone segments, 44 and 46. 

The continued injection of the fluidic material 108 continues to displace the retaining 
sleeve 52 in the downward longitudinal direction relative to the float shoe adaptor 50 
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until the e)ctemal flange 52d of the retaining sleeve 52 Impacts, and applies a 
downward longitudinal force to. the Internal flange 50e of the float shoe adaptor. As a 
result the float shoe adaptor 50 Is then also displaced in the downward longitudinal 
direction relative to the lower mandrel 34. The downward longitudinal displacement of 
the float shoe adaptor 50 relative to the tower mandrel 34 causes the lower cam 
assembly 40. the lower expansion cone segments 46. and the lower retaining sleeve 
48. Which are rigidly attached to the float shoe adaptor, to also be displaoed 
downwardly in the longitudinal direction relative to the lower mandrel 34. the upper cam 
assembly 38, and the upper expansion cone segments 44. 

The downward longitudinal displacement of the tower cam assembly 40 relative to the 
upper expansion cone segments 44 causes the upper expansion cone segments to 
slide off of the conical extemai surfaces 40cbb of the lower cam assembly and thereby 
pivot inwardly in the radial direction about the Internal flange 42d of ttie upper retaining 
sleeve 42. The downward longitudinal displacement of the lower expansion cone 
segments 46 relative to the upper cam assembly 38 causes the lower expansion cone 
segments 46 to slide off of the extemai conical surfaces 38cbb of the upper cam 
assembly and thereby pivot inwardly in the radial direction about the intemal flange 48d 
of the lower retaining sleeve. As a resuK of the inward radial movement of the upper 
and lower expansion cone segments. 44 and 46. the arcuate extemai spherical 
surfaces. 44bbb and 46bbb. of the upper and lower expansion cone segments. 44 and 
46. no longer provide a substantially contiguous outer arcuate spherical surface. 

The downward longitudinal movement of the retaining sleeve 42 and float shoe adaptor 
50 relative to the lower mandrel 34 is stopped when the stop nut 54 impacts the loddng 
dogs 58. At this point, as iUustrated in Figs. 17a and 17b. the apparatus 10 may then 
be removed from the Interior of the expandable tubular member 66. 

Thus, the apparatus 10 may be removed from the expandable tubular member 66 prior 
to the complete radial expansbn and plastic defbnnation of the expandable tubular 
member by controllably collapsing the upper and tower expansion cone segments. 44 
and 46. As a result, the apparatus 10 provides the following benefits: (1 ) the apparatus 
is removable when expanston problems are encountered: (2) tower expansion forces 
are required because the poriton of the expandable tubular member 66 between the 
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packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

5 

In several altemative embodiments, resilient members such as. for example, spring 
elements are coupled to the upper and lower expansion cone segments, 44 and 46, for 
resiliently biasing the expansion cone segments towards the expanded or collapsed 
position. 

10 

In several altemative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46, In an expanded or coliapsed position is reversible as 
disclosed In PCT patent application serial no. PCT / / attorney dodtet no. 

25791.68.02, filed on , the disclosure of which is incorporated herein by 

15 reference. 

In several altemative embodiments, a small gap Is provided between the upper and 
lower expansion cone segments, 44 and 46, when positioned in the expanded 
condition that varies from about .005 to .030 inches. 

20 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that indudes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exteriOT surface erf the upper 
tubular support member for sealing an interface between the upper tubular support 

25 member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprishg: a tubular base coupled to the upper tubular 
support member, and a plurality of cam amns extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an incHned surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 

30 assembly and pivotally coupled to me tubular support member, a lower tubular support 
member defining a second passage fluididy coupled to the first passage releasably 
coupled to the upper tobular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the low^ tubular 
support member, and a plurality of cam arms extending from the tubular base In an 
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upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams aims of the upper cam assembly are interleaved with and 
overiap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments Interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
defomilng and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member Includes: a safety collar, a torque plate 
coupled to the safety collar Including a plurality of drcumferentially spaced apart 
meshing teeth at an end. an upper mandrel Including a plurality of drcumferentially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end. and a lower mandrel coupled to the 
extemal flange of the upper mandrel induding an external flange induding a plurality of 
drcumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly indudes a plurality of drcumferentially spaced 
apart meshing teeth for engaging the meshing teeth of the extemal flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further Indudes a stop nut 
coupled to an end of the lower mandrel for fimiting the nwvement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further Indudes loddng dogs coupled to the lower mandrel. In an exemplary 
embodiment, the lower tubular support member Indudes: a float shoe adapter Induding 
a plurality of drcumferentially spaced apart meshing teeth at one end. an intemal 
flange, and a torsional coupling at another end. a lower retaining sleeve coupled to an 
end of the float shoe adapter Induding an intemal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
adapter relaasably coupled to the upper tubular support member, in an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
tower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly indudes a plurality of drcumferentially spaced apart meshing teeth for 
engaging the meshing teeth of ti^e float shoe adaptor. In an exemplary embodiment. 
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the apparatus further includes a float shoe releasabiy coupled to the torsional coupfing 
of the float shoe adaptor, and an expandatiie tubular member couf^ed to the float shoe 
and supported by and movaWy coupled to the upper and lower expansion cone 
segments. In an exemplary embodiment, the apparatus further indudes: one or more 
shear pins coupled between the upper tubular support member and the lower tubular 
support member. In an exemplary embodiment, the apparatus further Includes: a stop 
member coupled to the upper tubular support member for limitine movement of the 
upper tubular support member relative to the lower tubular support member. In an 
e)en^ary embodiment, the apparatus further Indudes: a float shoe releasabiy coupled 
to the lower tubular support member that defines a valveable passage, and an 
expandable tubular member coupled to the float shoe and supported by and movably 
coupled to the upper and lower expansion cone segments. In an exemplary 
embodiment, each upper expansion cone segment indudes: an inner portion defining 
an arcuate cylindrical upper surface induding a hinge groove for pivotally coupDng the 
upper expanston cone segment to the upper tubular support member and arcuate 
cylindrical lower surfaces, an intermediate portion defining arcuate cylindrical and 
spherical upper surfaces and an arcuate conical iower surface, and an outer portion 
deflTtfng arcuate cylindrical upper and lower surfaces, and wherein each lower 
expansion cone segnrent indudes: an Inner portion defining an arcuate tylindrical 
upper surface induding a hinge groove for pivotally coupling the lower expansion cone 
segment to the lower tubular support member and arcuate cylindrical lower surfaces, 
an intermediate portion defining arcuate cylindrical and spherical upper surfaces and 
an arcuate conical lower surface, and an outer portion defining arcuate cylindrical 
upper and lower surfaces. In an exemplary embodiment, each upper expansion cone 
segment is tepered in the longitudinal direction fi-om the intenmediate portion to the 
outer portion; and wherein each lower expansion cone segment is tepered in the 
longitudinal direction from the intemnedlate portion to the outer portion. 

An apparatus for radially expanding and piastically defbnning an expandabte tubular 
member has also been described that indudes a safety collar, a torque plate coupled 
to the safety collar induding a plurality of drcumferenilally spaced apart meshing teeth 
at an end, an upper mandrel induding a plurality of drcumferentially spaced apart 
meshifjg teeth at one end for eng^ing the meshing teeth of the torque plate and an 
external flange at another end, a lower mandrel coupled to the external flange of the 

22 




10 



15 



20 



25 



30 



upper mandrel including an external flange Including a plinality of drcumfefentlally 
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandrel, an 
upper retaining sleeve coupled to the lower mandrel including an Internal flange, one or 
more cup seals coupled to the upper mandrel for sealing an interface between the 
upper mandrel and the expandable tubular member, an upper cam assembly coupled 
to the lower mandrel including: a tubular base including a plurality of drcumferentially 
spaced apart meshing teeth for engaging the meshing teeth of the external flange of 
the lower mandrel, and a piurafity of cam anns extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper retaining sleeve, a 
float shoe adapter including a plurality of drcumferentially spaced apart meshing teeth 
at one end. an internal flange, and a torsional coupling at another end. a lower 
retaining sleeve coupled to an end of the float shoe adapter Including an internal 
flange, a retaining sleeve received within the float shoe adapter,' one or more shear 
pins for releasably coupling the retaining sleeve to the stop nut. a lower cam assembly 
coupled to the float shoe adapter including: a tubular base including a plurality of 
drcumlerentfally spaced apart meshing teeth for engaging the meshing teeth of the 
float shoe adapter, and a plurality of cam amns extending from the tubular base in an 
upward bngitudinal diredion, each cam ami deflning an indined surface that mates 
vi/ith the indined surface of a corresponding one of the upper expansion cone 
segments, vwherein the cams anns of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
segments interieaved with cam anns of the lower cam assembly, eadi lower expansion 
cone segment pivotally coupled to the internal flange of the lower retaining sleeve and 
mating with the Indined surface of a corresponding one of the cam arms of the upper 
cam assembly, a float shoe releasably coupled to the torsiona] coupling of the float 
shoe adaptor, and an expandable tubular member coupled to the float shoe arKi 
supported by and movably coupled to the upper and lower expansion cone segments, 
wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical extemal surface for plastically defonning and 
radially expanding the expandable tubular member, wherein each upper expansion 
cone segment Indudes: an inner portion defining an arcuate cylindrical upper surface 
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including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support meml>er and arcuate cylindrical lower surfaces, an 
Interrnedlate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

5 and lower surfaces, wherein each lower expansion cone segment Includes: an inner 
portion defining an arcuate cyOndrical upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate porfion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface. 

ID and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered In the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered In the longitudinal direction from the intermediate portion to the 
outer portion. 

15 

A coDapsible expansion cone assembly has also been described that includes an upper 
tubular support meml>er including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a hibuter base coupled to the upper 
support member* and a plurality of cam arms extending from the tubular base in a 

20 downward longitudinal direcUon, each cam arm defining an Inclined suri^ace, a plurality 
of upper expansion cone segmente interteaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubuter support member Including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 

25 members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base In an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 

30 the upper cam assembly are Interteaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segmente Interteaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the tower tubular support member and mating with the 
inclined surface of a corresponding one of the cam amns of the upper cam assembly, 
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wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defomiing and 
radially expanding the expandable tubular member. In an exemplary embodiment. 
5 each upper expansion cone segnient includes: an inner portion defining an arcuate 
cyHndrical upper surface including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and anxiate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
1 0 cyDndrical upper and lower surfaces, and wherein each lower expansion cone segment 
Includes: an inner portion defining an arcuate cyOndrical upper surf^ Including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
tongltudlnal direction fhsm the intemiediate portion to the outer portion, and vrtierein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
Intenfnediate portion to the cuter pcrtion. 
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A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam anms extending from the tubular base in a 

25 downward longitudinal direction, each cam ami defining an inclined surface, a plurality 
of upper expansion cone segments interieaved wKh the cam amis of the upper cam 
assembly and pivotally coupled to the Internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
firangible couplings for releasably coupling the upper and lower tubular support 

30 members, a lower cam assembly coupled to the lower tubular support member 
Including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending frt)m the tubular base In an upviraird longitudinal diredion, each 
cam am defining an inclined surface that mates with the inclined surface of a 
comesponding one of the upper expansion cone segments, wherein the cams amis of 

25 




the upper cam assembly are interleaved with and overlap the cam anns of the lower 
cam a$semt)iy. and a pluraTity of lower expansion cone segments interleaved with cam 
amis of the lower cam assembly, each lower expansion cone segment pivotaily 
coupled to the Internal flange of the lower tubular support member and mating with the 
5 Inclined surface of a conesponding one of the cam anro of the upper cam assembly, 
wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface lor plastically deforming and 
radially expanding the expandable tubular member, wherein each upper expansion 

10 oone segment Includes: an inner portion defining an arcuate cylindrical upper surface 
including a hinge groove for pivotaily coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
intennedlate portion defining arcuate cyfindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

15 and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cyBndrical upper surface Including a hinge groove for 
pivotaily coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intemiediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface. 

20 and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered In the longitudinal direction from the 
Inteimediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the Intermediate portion to the 
outer portion. 

25 

An apparatus for radially expanding and plastically defonning an expandable tubular 
member has also been described that includes a tubular support member, a collapsible 
expansion cone coupled to the tubular support member, an expandable tubular 
member coupled to the coOapsibie expansion cone, means for displacing the 
30 collapsible expansion cone relative to the expandable tubular member, and means for 
collapsing the expansion cone. In an exemplary embodiment, the tubular support 
member includes an upper tubular support member Including an Internal flange and a 
lower tubular support member including an internal flange, wherein the expansion cone 
Includes: an upper cam assembly coupled to the upper tubular support member 
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Including: a tubular t>ase coupled to the upper support memtier. and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
ami defining an inclined surface, a pluraFity of upper expansion cone' segments 
interleaved with the cam arms of the upper cam assembly and pIvolaDy coupled to the 
Internal flange of the upper tubular support member, a lower cam assembly coupled to 
the lower tubular support member including: a tubular base coupled to the lower tubular 
support member, and a plurality of cam amis extending from the tubular base in an 
upward longitudinal direction, each cam anrt defining an Inclined surface that mates 
with the Inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams anns of the upper cam assembly are interleaved vnth and 
overlap the cam amis of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam amis of the upper cam assembly: and wherein the apparatus further includes: 
means for releasably coupling the upper tubular support member to the lower tubular 
support member, and means for limiting movement of the upper tubular support 
member relative to the lower tubular support member. In an exemplary embodiment, 
the apparatus further includes: means for pivoting the upper expansion corw segments, 
and means for pivoting the lower expansion cone segrnents. In an exemplar)! 
embodiment, the apparatus further includes: means for pulKng the collapsible 
expansion cone through the expandable tubular member. 

A cdlapsibie expansion cone has also been described that includes an upper cam 
assembly including: a tubular base, and a plurality of cam arms extending from the 
tubular base in a downward longitudinal direction, each cam am defining an inclined 
surface, a plurality of upper expansion cone segments interleaved vi/lth the cam anns of 
the upper cam assembly, a lower cam assembly including: a tubular base, and a 
plurality of cam amis extending from the tubular base in an upward longitudinal 
direction, each cam ann defining an incfined surface that mates virith the inclined 
surface of a corresponding one of the upper expansion cone segments, wherein the 
cams amis of the upper cam assembly are interleaved with and overlap the cam amis 
of the lower cam assembly, a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower expansion cone segment mating 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 

5 expansion cone segments together define an arcuate spherical external surface. In an 
exemplaiy embodiment, enh upper expandon cone segment Includes: an Inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper suifeces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

10 and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical tower 
surfaces, an Intennediate portion defining arcuate cyHndrical and spherical upper 
surteces and an arcuate conicEd lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfk»s. In an exemplary embodiment, each upper 

15 expansion cone segment is tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from ttie inteimedlate portion to the outer portion. 

A metiKXl of radially expanding and plastically deforming an expandable tubular 
20 member has also been described that Includes supporflr^ the expandable tubular 
member using a tubular support member and a collapsible expansion cone, ir^cting a 
flui(fic material Into the tubular support member, sensing the operating pressure of ttie 
injected fluidic material wiUiin a first Interior portion of ttte tubular support manber, 
displacing the collapslble expansion cone relative to ttie expandable tubular member 
» when ttie sensed operating pressure of the injected fluidie material exceeds a 
predetennined tevel within tiie first Interior portion of the tubular support member, 
sensing the operating pressure of tiw ir^eded fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
whwi the sensed (^aerating pressure of flie Injected fluidic material exceeds a 
30 predetermined level wfthin ttie second interior portion of ttie tubuter sifl)port member. 
In an exemplary embodiment, tiie mettiod further includes: pulling ttw collapsible 
expansion cone ttirough ttte expandable tubular member when ttie sensed operating 
pressure of ttie bijected fluidic material exceeds a predetennined level wittiin ttie first 
Interior portion of ttie tubular support member. In an exemplary embodiment, pulfing 
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the collapsible expansion cone through the e)(pandabie tubular member includes: 
coupling one or more cup seals to the tubular support member above the collapsible 
expansion cone, pressuring the Interior of the expandable tubular member below the 
cup seals, and puUing the coilapslbie expansion cone through the expandable tubular 
member using the cup seals. In an exemplary embodiment, the tubular support 
member includes an upper tubular support member and a lower tubular support 
member, and wherein collapsing the collapsible expansion cone includes displacing the 
upper tubular member relative to the lower tubular support member. In an exemplary 
embodiment, the coUapstble expansion cone includes: an upper cam assembly 
including: a tubular base, and a plurality of cam amis extending from the tubular base 
in a downward longitudinal direction, each cam ami defining an Inclined surface, a 
plurality of upper expansion cone segments interleaved with the cam amis of the upper 
cam assembly and pivotaily coupled to the upper tubular support member, a lower cam 
assembly including: a tubular base, and a plurality of cam arms extending from the 
tubular base In an upward longitudinal direcGon. each cam ami defining an incOned 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
Interteaved with and overiap the cam arms of the lower cam assembly, and a plurality 
of lower expansion cone segments interteaved with cam amis of the lower cam 
assembly, each lower expansion cone segment pivotaily coupled to the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly. 

It is understood that variations may be made in the foregoing without departing from 
the scope of the invention. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a structural 
support. Furthermore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or In part in some or ail of the illustrative 
embodiments. In addition, the expansion surfaces of the expansion cone segments 
may include any fbrni of inclined surface or combination of inclined surface such as. for 
example, conical, spherical, elUptical. and/or paraboUc. 

Although ilhistiative embodiments of the Invention have been shown and described, a 
wide range of modification, changes and substitution is contemptated in the foregoing 
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disclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. A(x»rdingly, it is 
appropriate that the appended dalms be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1 . A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an internal flange; 
5 an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam amis extending from the tubular base in a downward 

longitudinal direction, each cam arm defhing an Indined surface; 
10 a plurality of upper expansion cone segments interleaved with the cam arms of 

the upper cam assembly and pivotally coupled to the Internal flange of the upper 

tubular support member, 

a lower tubular support member oomprteing an internal flange; 
one or more frangible couplings for releasably coupling the upper and bwer 
1 5 tubular support numbers; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm deflnhg an inclined surface that mates with the Inclined 
20 surface of a corresponding one of the upper expansion cone segments; 

wtierein the cams arms of the upper cam assembly are interleaved with and 
overiap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam anro of the 
tower cam assembly, each lower expanston cone segment pivotally coupled to the 
25 internal flange of the tower tubular support member and mating with the Inclined 
surface of a correspondhg one of the cam amns of the upper cam assembly; 

wherein the lower expansion cone segments interteave and overiap the upper 
expansion cone segments; and 

wtierein the upper and lower expansion cone segments together define an 
30 arcuate spherical exlemal surfaoe for plastically defonning and radially expanding the 
expandable tubular member. 

2. The assembly of datm 1, wherein each upper expansion cone segment 
comprises: 
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an Inner portion defining an arcuate cyDndrical upper surface Including a lilnge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intenmediate portion definli^ arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate (yHndrical upper surface Including a hinge 
groove for pivotally coupling the lower expansion cone segmmt to the lower tubular 
1 0 support member and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and tower surfaces. 

1 5 3, The assembly of daim 1 , wherein each upper expansion cone segment is 

tapered in the longitudinal direction from the intennediate portion to the outer portion; 
and 

wherein each lov^er expansion cone segment is tapered in the longitudinal 
direction firom the intermediate portion to the outer portion. 

20 

4. A collapsible expansion cone assembly, comprising: 

an upper tubular support menfU>er comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

25 a tubular base coupled to the upper support member; and 

a plurality of cam amis extending from the tubular base In a downward 
longitudinal direction, each cam ami defining an ftidined surface; 

a plurality of upper expansion cone segments interieaved witti the cam anns of 
tfie upper cam assembly and pivotally coupled to the intemal flange of the upper 
30 tubidar support member; 

a lower tubular support member comprising an internal flange; 
one or more frangible couplings for releasabty coupfing the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member oompnsing: 
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a tubular base coupled to the iovMer tubular support member, and 

a pluraBty of cam amis extending from the tubular base In an upward longitudinal 
direction, each cam amfi defining an inclined surface that mates with the Inclined 
surface of a coriBsponding one of the upper expansion cone segments; 
5 wherein the cams arms of the upper cam assembly are interieavad with and 

overlap the cam anns of the lower cam assembly, and 

a plurality of lower expansion cone segments inteileaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotaily coupled to the 
Intemal flange of the lower tubular support member and maUng with the Inclined 
10 surface of a conespondlng one of the cam atvns of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical extemal surface for plastically defonnlng and radially expanding the 
15 expandable tubular member, 

wherein each upper expansion cone segment comprises: 
an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotaily coupHng the upper expansion cone segment to the upper tubular 
suppwt membw and arcuate (yiindrical lower surfaces; 

an intermediate portion defining arcuate c?yiindricai and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfeces; 
wherein each lower expansion cone segment comprises: 
an Inner portion deflning an arcuate cylindrical upper surface Including a hinge 
groove for pivotaily ooupOng the lower expansion cone segment to the tower tubular 
support member and arcuate cylindrical lower sitffaces; 

an intennediate portton defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defming arcuate i^indrical upper and lower surfaces; 
wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intennediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intennediate portion to the outer portioa 
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5. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam anns extending from the tubular base In a downward 
longitudinal direction, each cam anni defining an inclined surface; 

a plurality of upper expansion cone segments Interteaved witti the cam anns of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam anns mtending from the tubular base In an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interieaved with and 
overlap the cam arms of the low^ cam assembly; 

a plurality of lower expansion cone segments interieaved with cam arms of the 
lower cam assembly! each lower expansion cone segment mating with the inclined 
surfeioe of a corresponding one of the cam arms of the upper cam assembly; 

means for moving tte upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

6. The apparatus of dalm 5, v^erein the upper and lower expanston cone 
segments together d^ne an arcuate spherical external surface. 

7. The apparatus of dalm 5, wherein each upper expanskm cone segment 
comprises: 

an Inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical Icwer surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfeces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer porfion defining arcuate cylindrical upper and lower surfaces. 

8. The apparatus of daim 5. wherein each upper expansion cone segment is 

tapered in the longitudinal direction from the intennediate portion to the outer portion- 
arKl 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intennediate portion to the outer portion. 



9. A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an Internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support memben and 
a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam amis of 
the upper cam assembly and plvotaBy coupled to the intemal flange of the upper 
tubular support member; 

a lower tubular support member comprising an intemal flange; 
a lower cam assembly coupled to the lower tubular support member comprising : 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam anro extending from the tubular base in an upward longitudinal 
direction, each cam ann defining an inclined surface that mates with the inclined 
surface Of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interieaved with and 
30 overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam anro of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
intemal flange of the lower tubular support member and mating with the Inclined 
surface of a oon^spondlng one of the cam amis of the upper cam assembly; 
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wherein the lower expansion cone segments interleave and overtap the upper 
expar^ion cone segments. 

10. The assembly of claim 9, wherein the upper and lower expansion cone segments 
5 together define an arcuate spherical external surface for plastically defbmjing and 

radially expanding the expandable tubular member. 

11. The assembly of dalm 9, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate c^indrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate (Tllndrical lower surfeces; 

an intenrnediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
15 an outer portion defining arcuate cylindrical upper and iovyer surfaces; and 

wherein each lower expansion cone segment comprises: 
an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate i^indrical lower surfeces; 
20 an intennediate portion defining arcuate cylindrical and spherical upper surfaces 

and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

1Z The assembly of daim 9, wherein each upper expansion cone segment is 
25 tapered in the longitudinal direction from the intennediate portion to the outer portion; 
and wherein each lower expansion cone segment is tapered In the longitudinal 
direction from the intermediate porticm to the outer portion. 
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1. An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage: 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for seafing an Interface between the upper tubular support member 
and the expandabte tubular memben 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam amis extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam anns of 

the upper cam assembly and pivotaMy coupled to the tubular support memben 

a lower tubular support member defining a second passage fluldicly aupted to 

the first passage reieasably coupted to the upper tubular support member. 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam anns extending from the tubular base in an upward longitudinal 

direchon, each cam am defining an inclined surface that mates with the inclined 

surface of a conresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are Interieaved with and 

overiap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam am« of the 

tower cam assembly, each lower expansion cone segment pivotelly coupted to the 

lower tubular support member and mating wflh the inclined surface of a corresponding 

one ofttie cam amis of the upper cam assembly; 

wherein the lower expansion cone segments Interteave and overiap the upper 
expansion cone segments; and 

wherein the upper and bwer expansion cone segmente together define an 
arcuate spherical external surface for plastically defomiing and iBdially expanding the 
exparxlabte tubular member. 

2. The apparatus of daim 1. wherein the upper tubular support member comprises: 
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a safety collan 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferentlaliy spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of drcumferentially spaced apart 
5 meshing teeth at one end for engaging the meshing teeth of the ton3ue plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of drcumferentially spaced apart meshing 
teeth. 

10 

3. The apparatus of dalm 2. wherein the tubular base of the upper cam assembly 
comprises a plurality of drcunrrferentially spaced apart meshing teeth for engaging the 
meshing teeth of the extemal flange of the lower mandrel. 

15 4. The apparatus of daim 2. further comprising: 

a stop nut coupled to an end of the tower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of daim 2, further comprising: 
20 locking dogs coupled to the lower mandrel, 

6. The apparatus of daim 1 , wherein the lower tubular support member comprises: 
a float shoe adapter comprising a plurality of drcumferenBaUy spaced apart 

meshing teeth at one end, an Internal flange, and a torsional coupling at another end; 
25 a lower retaining sleeve coupled to an end of the float shoe adapter comprising 

an intemal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

30 7. The apparatus of dalm 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of daim 6. wherein the tubular base of the tower cam assembly 
comprises a plurality of drcumferentially spaced apart mesWng teeth for engaging the 
meshing teeth of the float shoe adaptor. 

5 9. The apparatus of daim 6, farther comprising: 

a float shoe releasabiy coupled to the torsional coupling of the float shoe adaptor 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and tower expanston cone segments. 
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10. The apparatus of daim 1, further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 

15 11. The apparatus of daim 1, further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 

20 12. The apparatt» of daim 1, further comprising: 

a float shoe releasabiy coupled to the lower tubular support member that defines 
a valveable passage; ami 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments 

25 

13. The apparatus of daim 1. wherein eadi upper expansion cone segment 
comprises: 

an inner portfon defining an arcuate cylindrical upper surtace induding a hinge 
groove for pivotaly coupling the upper expanston cone segment to the upper tubular 
30 support member and arcuate cyHndrical lower surfeces; 

an Intennediate portion defining arcuate cyUndricai and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portton defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
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an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surferaes; 

an Intermediate porticwi defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical Uymer surface; and 

an outer portion defining arcuate <^mdrical upper and lower surface. 



14. The apparatus of claim 13, wrtier^n each upper expansion cone segment is 
tapered in the longitudinal direction from the Intemiediate portion to the outer portion; 
10 and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemradiate portion to the outer portion. 

. 15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 
15 a safety collar, 

a torque plate coupled to the safety collar comprising a plurality of 
drcuntferenfialiy spaced apart meshing teeth at an end; 

an upper mandrel comprising a pluraHty of drcumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
20 external flange at another erKl; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of drcumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 

an upper retaining steeve coupled to the lower mandrel comprising an intemai 
flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper niandrel and the expandable tubular member 

an upper cam assembly coupled to the lower mandrel comprising: 
a tubular base comprising a plurality of drcumfBrentially spaced apart meshing 
teeth for engaging the meshing teeth of the external flange of the lower mandrel; and 

a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an bfidlned surface; 
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a plurality of upper expansion cone segntents interteaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of drcumferentially spaced apart 
meshing teeth at one end. an Intemal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an intemal flange; 

a retaining sleeve received within the float shoe adapter 
one or more shear pins for reieasably coupling the retaining sleeve to the stop 



a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of drcumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter, and 

a plurality of cam amns extending from the tubular base In an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
suifece of a corespondlng one of the upper expansion cone segments; 

wherein the cams anns of the upper cam assembly are Interteaved with and 
overiap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam am« of the 
lower cam assembV. each lower expansion cone segment pivotally coupled to the 
Intemal flange of the lower retaining sleeve and mating with the inclined surface of a 
oomesponding one of the cam amw of the upper cam assembly; 

a float shoe reieasably coupled to the torsional coupling of the float shoe adapton 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movaWy coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interteave and overiap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defomiing and radially expanding the 
expandable tubular member; 

viAiereln each upper expansion cone segment comprises: 
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an Inner portion defining an arcuate cyfindrical upper surface including a hinge 
groove for prvotaBy coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cyflndrical lower surfeo^; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfeces 
5 and an arcuate conical lower surface: and 

an outer portion defining arcuate cyUndrfcal upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cyyndrical upper sur^ Including a Nnge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
1 0 support member and arcuate cylindricat lower surfeces; 

an intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate (^Ihidrical upper and lower suifeces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
1 5 direction from the Intemiediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered In the longitudinal 
direction from the Intemiediate portion to the outer portion. 

1 6. A coHapsibie expansion cone assembly comprising: 
20 an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a titular base coupled to the upper support member and 
a plurality of cam anns extending from the tubular base in a downward 
25 longitudinal dtoection, eac*i cam arm defining an inclined surface; 

a plurality of upper expansion cone segments Interteaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member, 

a lower tubular support member comprising an internal flange; 
30 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support memben and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direcbon. each cam ami defining an inclined surface that mates with the inclined 
surface of a cooesponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam amis of the lowver cam assembly: and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pK/otally coupled to the 
internal flange of (he lower tubular support member and mating with the inclined 
surface of a coriBsponding one of the cam arms of the upper cam assembly: 

wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together deHne an 
arcuate spherical external surface for piasticaily defomning and radially expanding the 
expandable tubular member. 

17. The assembly of daim 16. wherein each upper expansion cone segment 
comprises: 

an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotaDy coupling the upper expansion cone segment to the upper tubular 
20 support member and arcuate cylindrical Imver surfeces; 

an intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
25 an Inner portion defining an arcuate cylindrical upper surface including a hinge 

groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate c^indrical lower sur^K^s; 

an Intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
30 an outer portion defining arcuate cylindrical upper and lower surf^aces. 

18. The assembly of daim 16. wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intemiediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intennediate portion to the outer portion. 

19. A collapsible expansion oone assembly, comprising: 

5 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
con^rising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downwaid 
10 longitudinal direction, each cam ami defining an inclined surface; 

a plurality of upper expansion cone segments Interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
one or more frangible couplings for releasably coupling the upper and lower 
tubuter support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled ta the lower tubular support member, and 
a plurality of cam amis extending from the tubular base In an upwanj longitudinal 
direction, each cam arm defining an inclined surface that mates with the Inclined 
surtiace of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interteaved with and 
overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
tower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upp» cam assembly; 

wherein the lower expansion cone segments Interleave and overiap the upper 
expansbn cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface inciuding a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate c^ndrical lower surfeoes; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer porfion dining arcuate cyfindrlcal upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surface inciuding a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support nrwmber and arcuate ^indrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate c^ndrical upper and lower surfaces; 

wrherein each upper expansion cone segment is tapered in the longitudinal 
direction finom the Intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the iongitudinal 
direction from the Intemiediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
tubular men^ber. comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular niember coupled to the ooUapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
tubular member; and 

means for collapsing the expansion cone. 

21. The apparatus of dalm 20. wherein the tubular support member comprises an 

uw>er tubular support member con^rislng an internal flange and a lower tubular 

Support member comprising an internal flange; wherein the expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a plurality of cam arms extending from the tubular base In a downward 
longitudinal direction, each cam ami defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly and pIvotaBy coupled to the Internal flange of the upper 
5 tubular support member 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam arms extending fiwi the tubular base in an upward longitudinal 
direction, each cam ami defining an Inclined surface that mates with the inclined 
10 surface of a oon^spondlng one of the upper expansion cone segments; 

wherein the cams anms of the upper cam assembly are interleaved with and 
overlap the cam anms of the lower cam assembly; and 

a pluraSty of lower expansion cone segments interleaved vAth cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support member, and 

20 means for limiting movement of the upper tubular 5ifl>port member relative to the 

lower tububr support member 

22. The apparatus of claim 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of daim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
memt>er. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular t>ase in a downward 
longitudinal direction, each cam ami defining an tncrined surface; 

a pluralfty of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly; 
5 a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam amis extending from the tubular base In an upward iongitudina! 
direction, each cam am defining an inclined surface ttiat mates with the inclined 
surface of a conresponding one of the upper expansion cone segments; 

10 wherein the cams anro of the upper cam assembly are Interleaved with and 

overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a con^pond'ihg one of the cam arms of the upper cam assembly; 

15 means for moving the upper cam assembly away from the lower expansion cone 

segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of daim 24, wherein the upper and lower expansion cone 
»gments together define an arcuate spherical external surface. 

26. The apparatus of dalm 24. wherein each upper e)q>ansion cone segment 
comprises: 

25 an Inner portion defining an arcuate c^indrical upper surface and arcuate 

cylindrical lower surfaces; 

an intermediate portton dining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of daim 24. wherein each upper expansion cone segment is 
tapered in the longitudinal direction froo) the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion, 

28. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic nnaterial within a first interior 
portion of the tutnjlar support memben 

displacing the colls^ible expanston cone relative to the expandable tubular 
member when tte sensed operating pressure of the Injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

sensing the operating pressure of the injected fluidic material within a second 
Interior portion of the tubular support memben arxl 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetermined level within the second interior 
portion of the tulnjiar support memt)er. 

29. TTie method of daim 28, further comprising: 

pulling the collapsible expanston cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first intertor portion of the tubular support member. 

30. The method of daim 29. wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support memt>er dt>ove the 
collapsit>le expansion cone; 
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a plurality of cam arms extending from the tubular base In a downward 
longitudinal direction, each can ann defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam ami defining an IncBned surface that mates with the Inclined 
surface of a corresponding one of the upper expansion cone segmente; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam asseml>ly; 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surfooe of a corresponding one of the cam arms of the upper cam assembly; 

means for rTX>vlng the upper cam assembly away from the lower expansion cone 
segments; and 

means for movmg the lower cam assembly away from the upper expansion cone 
segments. 

25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24. Avherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cyttndrlcai lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate c^indrlcal upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cyiindricai upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical aruJ spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate c^indrical upper and tower surfaces. 

27. The apparatus of daim 24, wherein each upper expansion cone segment Is 
tepered In the longitudinal direction from the IntOTnediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the bitemiediate portion to the outer portion. 

28. A method of radially expanding and plastically defbnming an expandat>ie tubular 
meml^, comprising: 

supporting the expandable tubular member using a tubular support member and 
a coilapsibie expansion cone; 

injecting a fkiidic material into tiie tubular support member, 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of ttie tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of ttie injected fluidic materia! exceeds a 
predetermined level within ttie first interior portion of the tubular support member, 

sensing Uie operating pressure of ttie Injected fluidic material wtthin a second 
interior portion of the tubular support member, and 

collapsing ttie collapsible expansion cone when the sensed operating pressure of 
Uie Injected fluidic material exceeds a predetermined level witfiin ttie second interior 
portion of the tubular support memt)er. 

29. The method of daim 28, further comprising: 

pulling the collapsibid expansion cone through tiie expandable tubular member 
when flie sensed operatung pressure of the injected fluidic material exceeds a 
predatenmined level within the first interior portion of tiie tubular support member. 

30. The method of daim 29, wherein pulling the collapsible expansion cone ttirough 
the ^cpandable tubular member comprises: 

coupling one or more cup seals to the tubular support memt)er above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular memt^er below the cup seals; 

and 

pulling the collapstble expansion cone through the expandable tubular memt)er 
using the cup seate. 

31. The method of daim 28, wherein the tubular support niember comprises an 
upper tubular support member and a lower tubular support member, and wherein 
collapsing the collapsible expandon cor^ comprises displacing the upper tubular 
memt)er relative to the lower tubular support mendoer. 

3Z The method of daim 31 , wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defin^ an inclined surfeice; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: ^ 

a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam anm defining an indined surfeice that mates with the indir^ 
surface of a connesponding one of the upper expansion cone segments; 

wherein ttie cams amns of the upper cam assembly are interieaved with and 
overiap the cam amns of the lower cam assembly; and 

a plurality of tower expansion cone segments interieaved with cam arms of the 
lower cam assennbly, each lower expansion cone segment pivotally coupled to the 
lower tubular support memt>er and mating with the indined surface of a corresponding 
one of the cam amis of the upper cam assembly. 
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